A new mineral species, raygrantite, ideally Pb 10 Zn(SO 4 ) 6 (SiO 4 ) 2 (OH) 2 , has been found in the Big Horn Mountains, Maricopa County, Arizona, USA. Associated minerals are galena, anglesite, cerussite, lanarkite, leadhillite, mattheddleite, alamosite, hydrocerussite, caledonite, and diaboleite. Raygrantite crystals are bladed with striations parallel to the elongated direction (the c axis). Twinning (fish-tail type) is pervasive on (1 2 1). The mineral is colorless, transparent with white streak, and has a vitreous luster. It is brittle and has a Mohs hardness of~3; cleavage is good on {120} and no parting was observed. The calculated density is 6.374 g/cm 3 . Optically, raygrantite is biaxial (þ), with n a ¼ 1.915 (7), n b ¼ 1.981(7), n c ¼ 2.068(9), 2V meas ¼ 76 (2) Raygrantite is a new member of the iranite mineral group. It is triclinic, with space group P1 and unit-cell parameters a 9.3175(4), b 11.1973(5), c 10.8318(5)Å, a 120.374(2), b 90.511(2), c 56.471(2)8, and V 753.13(6)Å 3 . Its crystal structure, refined to R 1 ¼ 0.031, is characterized by slabs that lie parallel to (120) of SO 4 and SiO 4 tetrahedra with ZnO 4 (OH) 2 octahedra, held together by Pb 2þ cations displaying a wide range of Pb-O bond distances. The discovery of raygrantite indicates that, in addition to complete OH-F and Cu-Zn substitutions, there is also a complete substitution between (CrO 4 ) 2-and (SO 4 ) 2-in the iranite group of minerals, pointing to the possible existence of a number of other (SO 4 ) 2--bearing iranite-type phases yet to be found or synthesized.
INTRODUCTION
A new mineral species, raygrantite, ideally Pb 10 Zn(SO 4 ) 6 (SiO 4 ) 2 (OH) 2 , has been found in Arizona, USA. The mineral is named in honor of Dr. Raymond W. Grant, a retired professor of geology at Mesa Community College in Mesa, Arizona. Dr. Grant's primary scientific interest is minerals found in Arizona. His publications include several articles on Arizona mineral localities, the Checklist of Arizona Minerals, and the 3 rd edition of Mineralogy of Arizona. Ray Grant is the past and current President of the Mineralogical Society of Arizona, past Chairman of the Flagg Mineral Foundation, and a principal organizer of the Arizona Mineral Symposium. The new mineral and its name have been approved by the Commission on New Minerals and Nomenclature and Classification (CNMNC) of the International Mineralogical Association (IMA2013-001). Part of the co-type samples has been deposited in the University of Arizona Mineral Museum (Catalogue # 19345) and the RRUFF Project (deposition # R120151, www:// rruff.info/raygrantite). This paper describes the physical and chemical properties of raygrantite and its structural characterization based on single-crystal Xray diffraction and Raman spectroscopic data.
SAMPLE DESCRIPTION AND EXPERIMENTAL METHODS
Occurrence, physical and chemical properties, and Raman spectra
Raygrantite was found at the Evening Star mine (a former underground Cu-V-Pb-Au-Ag-W mine, also previously called Old Queen Group or Silver Queen mine), Big Horn District, Big Horn Mountains, Maricopa County, Arizona, USA (Lat. 33870 0 N, Long. 113821 0 W). The crystals were found within a small cavity in a mass of galena (Fig. 1) . Associated minerals include galena, anglesite, cerussite, lanarkite, leadhillite, mattheddleite, alamosite, hydrocerussite, caledonite, and diaboleite. Also, among the ''rind'' are fornacite, iranite, phoenicochroite, cerussite, and murdochite. Raygrantite is believed to have a secondary origin as a remnant of a galena-pyrite-chalcopyrite vein. Mineral occurrences in the Big Horn district are gold-rich, basement-hosted narrow quartz pods and veins associated with late Cretaceous intrusives (Allen 1985) .
Raygrantite crystals are bladed and elongated along the c axis (up to 0.05 3 0.10 3 0.30 mm), with striations parallel to the c axis (Fig. 2) . Twinning (fishtail type) is pervasive on (1 2 1), with the twin axis along [0 1 0] (Fig. 3) . The mineral is colorless in transmitted light, transparent with white streak, and has a vitreous luster. It is brittle and has a Mohs hardness of~3; cleavage is good on {120} and no parting was observed. Fractures are uneven. The calculated density is 6.37 g/cm 3 . Optically, raygrantite is biaxial (þ), with n a ¼ 1.915(7), n b ¼ 1.981(7), n c ¼ 2.068(9), 2V meas ¼ 76(2)8, and 2V calc ¼ 858. Dispersion is strong (r . v) and absorption is Z . Y . X. The Gladstone Dale compatibility index is 0.04 (good).
Raygrantite is insoluble in water, acetone, or hydrochloric acid.
The chemical composition of raygrantite was determined with a CAMECA SX100 electron microprobe operating at 20 kV and 20 nA with the beam diameter of~1 lm. The Raman spectrum of raygrantite was collected from a randomly oriented crystal with a Thermo Almega microRaman system, using a 532-nm solidstate laser with a thermoelectric cooled CCD detector. The laser is partially polarized with a 4 cm -1 resolution and a spot size of 1 lm. 
X-ray crystallography
Both the powder and single-crystal X-ray diffraction data for raygrantite were collected using a Bruker X8 APEX2 CCD X-ray diffractometer equipped with graphite-monochromatized MoKa radiation. However, due to severe overlaps, it is difficult to unambiguously index all the powder X-ray diffraction peaks. Thus, no unit-cell parameters were determined from the powder X-ray diffraction data. Listed in Table 1 are the measured powder X-ray diffraction data, along with those calculated from the determined structure using the program XPOW (Downs et al. 1993 ). RAYGRANTITE, Pb 10 Zn(SO 4 ) 6 (SiO 4 ) 2 (OH) 2 , A NEW MINERAL Single-crystal X-ray diffraction data were collected from a nearly equidimensional twinned crystal (0.05 3 0.04 3 0.04 mm) with frame widths of 0.58 in x and 30 s counting time per frame. Figure 4 is the reciprocal plot of X-ray reflections viewed down c*. The two twin components are related to each other by the twin law (1 1 0, 0 1 0, 0 1 1). All reflections were indexed on the basis of a triclinic unit-cell (Table 2) and processed with the software TWINABS (Sheldrick 2007) . The intensity data were corrected for X-ray absorption using the Bruker program SADABS. The systematic absences of reflections suggest possible space group P1 or P1. The crystal structure was solved and refined using SHELX97 (Sheldrick 2008 ) based on space group P1, because it produced the better refinement statistics in terms of bond lengths and angles, atomic displacement parameters, and R factors. The positions of all atoms were refined with anisotropic displacement parameters. The H atoms were not located from the difference Fourier maps. The number and locations of the OH groups were determined from the bond-valence sum calculations.
During the structure refinement, the ratio of the two twin domains was also refined to 0.64:0.36. Final coordinates and displacement parameters of the atoms in raygrantite are listed in Table 3 and selected bonddistances in . The SO 4 and SiO 4 tetrahedra and ZnO 4 (OH) 2 octahedra form layers parallel to (120), which are linked together by Pb 2þ cations displaying a wide range of Pb-O bond distances (Fig. 5, Table 4 ). The ZnO 4 (OH) 2 octahedra are corner-linked to two symmetrically equivalent SO 4 and two SiO 4 tetrahedra, while two additional nonequivalent SO 4 groups (S1 and S2) are isolated (Fig. 6) . As measured by the octahedral quadratic elongation (OQE) parameter (Robinson et al. 1971) , the CuO 4 (OH) 2 octahedron in iranite is more distorted (1.015) than the ZnO 4 (OH) 2 octahedron in raygrantite (1.010) or the ZnO 4 F 2 (Yang et al. 2007) .
From bond-valence considerations for iranite, Yang et al. (2007) showed that atom O17 represents the OH group with a hydrogen bond to O6 [O17-O6 ¼ 2.852(6)Å]. The O17 site is also where the F atom is situated in hemihedrite (McLean & Anthony 1970) . The same conclusion can be drawn for raygrantite, based on the calculations of the bond-valence sums using the parameters given by Brese & O'Keeffe (1991) (Table 5 ). In raygrantite, O17 is the only O atom that does not participate in tetrahedral coordination with S 6þ or Si 4þ
. The O17-O6 distance (3.108Å) in raygrantite is longer than that in iranite [2.852(6) A]. A comparison of the environment around O17 in iranite or raygrantite with that around the F atom in hemihedrite indicates that the bonding topologies of these ions are rather alike, suggesting no impediment to a complete solid solution between OH and F in hemihedrite, iranite, or raygrantite. Accordingly, we may postulate the possible existence of the OHanalogue of hemihedrite and the F-analogues of iranite and raygrantite, as well as the Cu-analogue of raygrantite. In fact, Cesbron & Williams (1980) successfully synthesized iranite, Pb 10 Cu(CrO 4 ) 6 (SiO 4 ) 2 (OH) 2 , and the OH-analogue of hemihedrite, Pb 10 Zn(CrO 4 ) 6 (SiO 4 ) 2 (OH) 2 , hydrothermally at 230 8C and in a pH range between 9 and 9.5, and concluded that a complete solid solution exists between iranite and the OH-analogue of hemihedrite. Figure 7 is the Raman spectrum of raygrantite. Based on the Raman spectroscopic measurements on iranite and hemihedrite by Frost (2004) , we made the following tentative assignments of major Raman bands for raygrantite: The relatively broad band at 3515 cm -1 can be ascribed to the O-H stretching vibrations. The bands between 800 and 1200 cm -1 are due to the S-O and Si-O stretching vibrations within the SO 4 and SiO 4 tetrahedral groups, whereas the bands between 380 and 660 cm -1 are primarily attributable to the O-S-O and O-Si-O bending vibrations. The bands below 350 cm -1 are of a complex nature and are mostly associated with the rotational and translational modes of SO 4 and SiO 4 tetrahedra, Zn-O interactions, and the lattice vibrational modes. According to Libowitzky (1999) , an O-HÁ Á ÁO distance of 3.1Å would correspond to an O-H stretching frequency of~3500 cm -1 , which is close to the value of 3515 cm -1 we measured for raygrantite. The complete substitution of S 6þ for Cr 6þ has been found in a number of mineral systems, such as the BaCrO 4 (hashemite) -BaSO 4 (barite) and Pb 2 O(CrO 4 ) (phoenicochroite) -Pb 2 O(SO 4 ) (lanarkite) solid solutions. Through hydrothermal synthesis, Cesbron & Williams (1980) found that it was possible to partially replace some of the (CrO 4 ) 2-groups by (SO 4 ) 2-groups and the resulting crystals, all of them twinned, contain about 6 wt.% SO 3 , or 2.2 S apfu. The discovery of raygrantite indicates that, in addition to the complete OH-F and Cu-Zn substitutions, there is also a complete substitution between (CrO 4 ) 2-and (SO 4 ) 2-in the iranite group of minerals, pointing to the possible existence of a number of other (SO 4 ) 2--bearing phases yet to be found or synthesized in this mineral group.
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